The efficiencies of firms should be evaluated, based on their historical financial data. Here a process for evaluation is proposed. Each historical data set is reduced to a distribution function with a mean and a variance estimated by Kalman filter. Then, a stochastic efficiency model is applied to this reduced data. Then a new efficiency measure is proposed and compared with existing measures. An application is made to three kinds of firms.
Introduction
The efficiency of firms should be evaluated from a variety of viewpoints, and thus Data Envelopment Analysis (DEA) is used as a method of evaluating firms with many kinds of inputs and outputs. Evaluation based on comparison among firms at a single time point reflects spatial variance, but firms have their history and have longitudinal data. Window analysis is well-known as an analytic method for longitudinal data. However, this method does not seem to be appropriate for analysis of future performance, but seems to be appropriate for analysis of past performance.
As usual DEA uses one value by each kind of inputs and outputs respectively, we must decide which value should be selected. In a stochastic efficiency model shown in [7] a variance of each kind of inputs and outputs should be estimated.
The Kalman filter gives the minimum mean squared error of forecasts that is, this is appropriate for analysis of future performance and gives not only an estimate of future value, but also an estimate of its variance. We can use these values as parameters of a stochastic efficiency model. We propose a new measure of the efficiency score called the modified efficiency score and compare it with existing measures.
The Kalman Filter
The Kalman filter is presented by system equations and an observation equation as shown in [5] . In this paper system equations at time t are given by
and an observation equation is given by
where the superscript, t, is not time t, but means transposition, and
T (t): an element presenting trend at time t,
(k = 2 is used in this paper.) L(t): an element presenting effect of an accidental event at time t,
The expectation and variance of forecasts are given by
where A(t|t − 1) is a forecast of A(t) at time (t − 1), for example, y(t|t − 1) and R(t|t − 1) are the expectation and variance of forecasts of y(t) at time (t − 1) and these values are renewed as follows and used in a stochastic efficiency model:
(Renewal process on time)
where Q is a variance-covariance matrix of U .
(Modification based on observed values)
Here we suppose that an accidental event occurred at time N , but some accidental event may occur.
We insist that such Kalman filter as shown in (1)- (12) should be used for evaluation of future performance.
Stochastic Efficiency Model
In usual DEA each Decision Making Unit (DMU) O (= 1, 2, . . ., n) has deterministic inputs 
and let the worst inputs and outputs at probability level αge
where χ 2 m+s (α) is an α percentile of the χ 2 distribution . Let the minimum efficiency score obtained within S α be W α .
When a number of DMUs, n, is small, compared with a sum, (m + s), of numbers of inputs and outputs, relatively many DMUs may be evaluated as efficient in the usual DEA. On the lines of [7] , we calculate the maximum α max which gives W α = 1 within S α . The more α max is, the more robust the efficient state is. For efficient DMU in CCR model this problem can be formulated as follows:
m+s (α), where X j and Y j are inputs and outputs of DMU j.
New Efficiency Measure
Solutions of Problem 1 give the efficiency score, W α = 1. Therefore in order to distinguish many DMU with the efficiency score, 1, we propose a new efficiency measure,W o , using multipliers v* and u* obtained by solving Problem 1:
Therefore, this measure,W o , gives a larger efficiency score than 1 for semi-positive δ (all are not zero), where for inefficient DMU the same efficiency scores as CCR model are given.
Application
The following three data groups were studied.
(1) 31 electric device manufacturers (2) 19 department stores (3) 38 supermarkets
We use two kinds of indices as the management indices. The first indices were used in [8] as an altered discriminant function of Z value which was proposed by E. I. Altman [1] . The alternative indices were selected for altering of the first indices.
First indices
The following indices are used for evaluation. Table  1 and 2, where R(n|n−1) and y(n|n−1) are given by (9) and (10). Evaluation results for CCR efficient DMUs of each data groups are shown in Table 3 , 4 and 5, where super-efficiency scores proposed by [2] are also shown in these tables for the purpose of comparison.
We think that α max is not appropriate as a measure for efficiency comparison, because several DMUs have a value zero. Super-efficiency scores can take such very large values as Toshibatec in Table 3 . However, our measure,W o , take more moderate values than superefficiency scores. This may be an advantage of our measure. However, though Sogo and Mycal went down, they were evaluated as efficient DMUs. Therefore the alternative indices are used in the next session. 
The alternative indices
The following indices are used for evaluation on the line of [6] . In these tables Sogo and Mycal which went down are evaluated very lowly. This means that selection of indices in this section is better than Sec. 5.1, but we cannot recommend this selection easily, because [9] 
Discussion
Each method used in this paper is well known, but their combinational usage is original.
We propose use of the Kalman filter for estimation of variances which is needed in the stochastic efficiency model but is difficult on a single time point evaluation. When there are longitudinal data, estimation of variance is naturally included in the Kalman filter, for example, in Equation (10). Of course we can apply formulations different from Equation (1) to Equation (7) .
In a case of single input, efficient scores in DEA are given by a linear function of outputs/input and the function can be used as a discriminatory function if a cut-off point is determined. However, DEA is a method which stresses merits of each DMU and takes weakness of them lightly. Thus, there may be no problem of evaluation of DMUs with good performance, but for DMUs with worse performance we may be unable to predict their insolvency. In fact Sogo and Mycal went down, but they were evaluated as efficient DMUs in Sec.5.1. We also have a problem which indices should be selected because Sec.5.2. obtained a different efficiency score from Sec.5.1. for the same firm.
We think various methods should be used for evaluation of firms, according to purposes of analysis.
